A novel actinobacterial strain, designated MB27 T , was isolated from a Saharan soil sample collected in Mzab region (Ghardaïa province, South Algeria). Strain MB27
A novel actinobacterial strain, designated MB27 T , was isolated from a Saharan soil sample collected in Mzab region (Ghardaïa province, South Algeria). Strain MB27
T was characterized following a polyphasic taxonomic approach. This strain produced a branched and fragmented substrate mycelium, which was found to have a yellowish orange colour. A white scanty aerial mycelium was produced on most media tested. Chemotaxonomic and phylogenetic studies clearly demonstrated that strain MB27 T belongs to the family Pseudonocardiaceae and is closely related to the genus Saccharothrix. Cell-wall hydrolysates contained meso-diaminopimelic acid but not glycine, and whole-cell hydrolysates contained galactose, glucose, ribose and small amounts of mannose and rhamnose. The detected phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol mannosides. Mycolic acids were not detected while the predominant fatty acid was iso-branched hexadecanoate (iso-C 16 : 0 ). The major menaquinone was The genus Saccharothrix was first described by Labeda et al. (1984) , with Saccharothrix australiensis as the type species. This genus, which was subsequently classified in the family Pseudonocardiaceae (Labeda et al., 2011) , is characterized by fragmentation of both substrate and aerial mycelia into non-motile rods and ovoid elements. This genus is also characterized by a type III cell wall containing meso-diaminopimelic acid (meso-DAP) without glycine, galactose, rhamnose and small amounts of mannose as diagnostic whole-cell sugars, a phospholipid type PII (phosphatidylethanolamine) or PIV (phosphatidylethanolamine and phospholipids containing glucosamine) pattern (Labeda & Lechevalier, 1989) , and MK-9(H 4 ) as the predominant menaquinone, while mycolic acids are absent (Labeda & Kroppenstedt, 2000) . However, the accumulated chemotaxonomic and phylogenetic data have enabled an intense taxonomic reclassification of the genus Saccharothrix, with several strains transferred to other new taxa, including the genera Lentzea (Yassin et al., 1995) , Crossiella (Labeda, 2001) , Lechevalieria (Labeda, 2001) , Goodfellowia (Labeda & Kroppenstedt, 2006) and Umezawaea (Labeda & Kroppenstedt, 2007) . Thus, at the time of writing, this genus contains 19 species and two sub-species with validly published names. The presence of members of the genus Saccharothrix has been reported previously in Saharan soils, from where several strains have been isolated and described as members of novel species, such as Saccharothrix algeriensis DSM 44581 T (Zitouni et al., 2004a) , Saccharothrix hoggarensis DSM 45457
T (Boubetra et al., 2013a) , Saccharothrix saharensis DSM 45456
T (Boubetra et al., 2013b) and Saccharothrix tamanrassetensis DSM 45947 T (Boubetra et al., 2015) . Moreover, many of these Saharan strains were found to be potential producers of new antibiotics such as mutactimycins (Zitouni et al., 2004b) , dithiolopyrrolones (Bouras et al., 2008) and chloramphenicol (Aouiche et al., 2012) . The present polyphasic study was designed to determine the taxonomic position of a Saccharothrix-like strain, the results of which showed that this strain represents a novel species of the genus Saccharothrix.
During our investigation of actinobacterial diversity in Saharan soils, strain MB27
T was isolated from a soil sample collected from B eni-isguen (Mzab), Ghardaïa (32 29¢ N 3 41¢ E), an arid area in South Algeria, by a dilution agar plating method using humic acid-vitamin agar medium (Hayakawa & Nonomura, 1987) supplemented with cycloheximide (80 µg ml ). The strain was purified and maintained at 4 C on agar slants of International Streptomyces Project medium 2 (ISP 2) (Shirling & Gottlieb, 1966) .
Cultural and morphological features of the novel strain were determined by examination by eye of 1-to 3-week-old cultures grown at 30 C on various ISP media: yeast extractmalt extract agar (ISP 2), oatmeal agar (ISP 3) and inorganic salts-starch agar (ISP 4) (Shirling & Gottlieb, 1966) , and also on Bennett's agar medium (Waksman, 1961) . The colours of the substrate and aerial mycelia and of any soluble pigments secreted were determined with the ISCC-NBS centroid colour chart (Kelly & Judd, 1976) . The micromorphology of the strain and the spore surface ornamentation were observed by light microscopy (B1 Series; Motic) and by scanning electron microscopy (model JSM-7100F; JEOL), respectively.
Strain MB27
T was examined for key chemical markers to determine whether the chemotaxonomic profile was consistent with its classification in the genus Saccharothrix. The required biomass was obtained after 1 week of incubation at 30 C in shake flasks containing ISP 2 broth, harvested by centrifugation and washed several times with distilled water. DAP isomers in the peptidoglycan and the whole-cell sugar pattern were analysed according to the methods of Becker et al. (1964) and Lechevalier & Lechevalier (1970) , respectively. Phospholipids and mycolic acids were analysed using the procedure of Minnikin et al. (1977 Minnikin et al. ( , 1980 . Cellular fatty acid profiles were determined by the method of Sasser (1990) , using the Microbial Identification System (MIDI) Sherlock Version 6.1 (method TSBA40, TSBA6 database). Menaquinones were extracted following the procedure described by Minnikin et al. (1984) and analysed by HPLC (Kroppenstedt, 1982 (Kroppenstedt, , 1985 .
A range of physiological and biochemical tests were carried out to characterize this actinobacterial strain. Growth rates were determined for temperatures of 15-45 C at 5 C increments, in the presence of 0-5 % (w/ v) NaCl at one unit intervals, and at pH 5-10 (in increments of 1.0 pH unit) on ISP 2 medium. Growth and production of acid from carbohydrates, and decarboxylation of organic acids were studied following the method of Gordon et al. (1974) . Degradation of other organic compounds was evaluated as described by Goodfellow (1971) . Catalase activity was detected by dropping 3 % (v/v) H 2 O 2 onto well-developed colonies on agar plates and observing any gas bubbles produced (Kov acs, 1956 ). Reduction of nitrate was examined according to the method of Marchal et al. (1987) .
Genomic DNA was extracted with a DNA extraction kit (MasterPure Gram-Positive DNA Purification kit; Epicentre Biotechnologies). PCR-mediated amplification of the 16S rRNA gene was performed as described by Rainey et al. (1996) . The obtained 16S rRNA gene sequence of strain MB27
T was compared for levels of similarity with sequences present in the public sequence databases as well as in the EzTaxon-e server (Kim et al., 2012) . Phylogenetic analyses were realized using MEGA version 5 developed by Tamura et al. (2011) . The multiple alignment of the obtained 16S rRNA gene sequence against neighbouring nucleotide sequences, recovered from EzTaxon, was generated using CLUSTAL W (with default parameters) (Thompson et al., 1994) . Phylogenetic trees were reconstructed using the neighbour-joining method of Saitou & Nei (1987) with the model of Jukes & Cantor (1969) , maximum-likelihood method (Felsenstein, 1981 ) with Kimura's two-parameter model (Kimura, 1980) and maximum-parsimony method (Fitch, 1977) . Tree topologies were evaluated using the bootstrap resampling method with 1000 replicates (Felsenstein, 1985) . DNA-DNA hybridization was carried out following the thermal renaturation method as described by De Ley et al. (1970) , under consideration of the modifications described by Huss et al. (1983) . DNA-DNA hybridization experiments were realized using a model Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in-situ temperature probe (Varian). These experiments were executed as duplicate in 2Â SSC in the presence of 10 % formamide at 71 C.
After 21 days of incubation at 30 C, strain MB27 T exhibited good growth on ISP 2, ISP 3 and Bennett's agar media, and moderate growth on ISP 4 medium. Except on ISP 2 medium, strain MB27
T tended to produce a white aerial mycelium. The well-developed substrate mycelium, characterized by its yellowish orange colour, was branched and fragmented into non-motile rods. Moreover, this fragmentation was found to be excessive in both liquid and solid media. The rod-shaped and non-motile spores, produced on the aerial mycelium, were organized in chains, and had a smooth surface (Fig. 1) . No sporangia, sclerotia or synemata were observed. The strain did not produce diffusible pigments.
The chemotaxonomic profile of strain MB27
T was consistent with the other members of the genus Saccharothrix, although there were some minor differences. Indeed, strain MB27
T contained meso-DAP (but not glycine) with galactose, glucose and ribose as major whole-cell sugars; trace amounts of mannose and rhamnose were also detected. The phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannosides and an unidentified phospholipid, corresponding to phospholipid type PII (Lechevalier et al., 1977; Labeda & Lechevalier, 1989) (Fig. S1 , available in the online Supplementary Material). Mycolic acids were not detected. The predominant fatty acids were iso- (Shirling & Gottlieb, 1966) for 21 days at 30 C. The aerial mycelium appears fragmented into short spore chains. Bar, 2 µm.
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Saccharothrix carnea NEAU yn17 T (KC195859) (Saitou & Nei, 1987) using almost-complete 16S rRNA gene sequences (1408 nt). This illustrates the taxonomic position of strain MB27
T within the genus Saccharothrix. Asterisks indicate branches of the tree that were also found using the maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1977) tree-making algorithms. Bootstrap values (!50 %) based on 1000 resamplings are shown at branch nodes. Umezawaea tangerina DSM 44720
T was used as an outgroup. Bar, 0.005 nt substitutions per site.
C 16 : 0 (19.4 %), iso-C 15 : 0 (16.4 %), iso-C 17 : 0 (13.9 %), iso-C 17 : 1 !9c (12.2 %), iso-C 16 : 1 (7.9 %) and anteiso-C 17 : 0 (5.9 %). The complete cellular fatty acid profile of strain MB27 T can be found in Table S1 . Strain MB27 T contained MK-9(H 4 ) as the predominant menaquinone (49.2 %). MK-12(H 4 ) (11.2 %), MK-8(H 4 ) (6.1 %), MK-11(H 4 ) and MK-10(H 4 ) (both 5.6 %), MK-7(H 4 ) and MK-12(H 2 ) (both 4.4 %), MK-9(H 2 ) (4.3 %), MK-9(H 8 ) (1.8 %), MK-10(H 2 ) (1.1 %) and MK-9(H 6 ) (0.8 %) were also present. Moreover, an unknown menaquinone (5.1 %) was also detected.
The morphological and chemotaxonomic properties support the identification of strain MB27 T as a member of the genus Saccharothrix. Indeed, the levels of similarity of the almost-complete (1408 bp) 16S rRNA gene sequence of strain MB27
T to other species of the genus Saccharothrix ranged from 97.2 to 99.8 %. Moreover, strain MB27
T exhibited high relatedness to Saccharothrix ecbatanensis DSM 45486 T (99.8 %), S. hoggarensis DSM 45457 T (99.3 %), S. longispora DSM 43749 T (98.6 %) and S. yanglingensis DSM 45665
T (98.6 %). This association was supported by the neighbour-joining (Fig. 2) , maximum-parsimony and maximum-likelihood dendrograms (Fig. S2) . Even though strain MB27
T exhibited very high 16S rRNA gene sequence similarities with many type strains as indicated above, the DNA-DNA hybridization results revealed the genomic distinctness of the novel strain. Mean DNA-DNA relatedness values between strain MB27
T and S. ecbatanensis DSM 45486 T , S. hoggarensis DSM 45457 T , S. longispora DSM 43749 T and S. yanglingensis DSM 45665 T were 11.7±1.7, 41.9±4.3, 29.7±3.7 and 34.2±2.8 %, respectively. These results were well below the 70 % cut-off value recommended for the assignment of bacterial strains to the same genomic species (Wayne et al., 1987) , suggesting that strain MB27 T should be considered as representing a novel species belonging to the genus Saccharothrix.
Physiological properties also clearly distinguished strain MB27
T from recognized species of the genus Saccharothrix. Significant physiological differences between strain MB27
T and the type strains of the neighbouring members of the genus Saccharothrix, namely S. ecbatanensis, S. hoggarensis, S. longispora and S. yanglingensis, are listed in Table 1 . Detailed physiological properties are given in the formal description of the species. A phenotypic comparison of strain MB27
T with its closest neighbour, S. ecbatanensis, revealed differences in the utilization of Larabinose, D-lactose, maltose, D-sorbitol and trehalose, and growth in the presence of 4 % (w/v) NaCl (Table 1) . Moreover, these two species differed from each other by the cellular composition of some fatty acids, such as iso-C 16 : 0 2-OH (7.3 %) and 9-methyl C 16 : 0 (10.2 %) found only in S. ecbatanensis, iso-C 17 : 1 !9c found only in strain MB27 T (12.2 %) and iso-C 17 : 0 quantitatively more important in strain MB27 T (13.9 %) in comparison with S. ecbatanensis (7.5 %) ( Table S1 ).
The combined phenotypic, chemotaxonomic and phylogenetic data, together with the low level of DNA-DNA relatedness and 16S rRNA gene similarities, support the designation of strain MB27
T as a representative of a novel species belonging to the genus Saccharothrix, and for which the name Saccharothrix isguenensis sp. nov. is proposed.
Description of Saccharothrix isguenensis sp. nov.
Saccharothrix isguenensis [is.guen.en¢sis. N.L. fem. adj. isguenensis pertaining to B eni-Isguen (Ghardaïa, Mzab), the source of the soil from which the type strain was isolated].
Aerobic, Gram-stain-positive, non-motile filamentous actinobacterium. Good growth occurs on ISP 2, ISP 3 and Bennett's agar media. A white and scanty aerial mycelium, which fragments into non-motile rod-shaped spores, is produced on ISP 3, ISP 4 and Bennett's agar media. The substrate mycelium is well developed and fragments into non-motile rods in both liquid and solid media. The colour of the substrate mycelium is yellowish orange on ISP 2, ISP 3 and Bennett's agar media, and pale to light yellow on ISP 4 medium. No diffusible pigment is detected on all media tested. Growth occurs at 20-40 C (optimum 30 C), but not at 15 or 45 C, and occurs at pH 6-9 (optimum pH 7), but . +, Positive; À, negative. All the data were determined in the present study. 
